Studies concerning chemical profiling of the volatiles present in the solvent extracts from liverworts help to determine inter-and intraspecific relationships in this plant group. Due to the fact that the liverworts are morphologically very small and it is difficult to collect their sufficient amounts, there are still a few data concerning the chemistry of essential oils. The available data indicate however, that the components present in the essential oils can be used in chemosystematic studies of these spore-forming plants. Compounds occurring in the essential oils constitute a powerful tool for studying chemical differences between or within liverwort species for which the characteristic components are mono-and sesquiterpenoids. Good results were obtained for the liverworts species from the genera Asterella, Conocephalum, Diplophyllum, Jungermannia, Lepidozia, Radula, Reboulia or Scapania.
Successful phytochemical work with any plant material must begin with careful preparation of plant samples, and proper botanical identification is of key concern. Correct identification of plant material guarantees the reproducibility of the phytochemical research, and carelessness at this stage of an investigation may greatly reduce the scientific value of the overall study [1] . The identification of liverworts (Marchantiophyta) is especially challenging, because of their enormous diversity, small size and often microscopic distinguishing features. Liverworts are very sensitive to environmental changes caused by humans, which induce alteration of their genetic and morphological features. Furthermore, as plants with simple morphological organization, they have an evolutionary potential of hidden genetic variations. It is believed that about 20% of the described liverwort species are synonyms [2, 3] .
One of the outstanding features of the liverworts is their chemistry. They produce a wide array of secondary metabolites, and up to now over several hundred new terpenoids, acetogenins, and aromatic compounds including bisbibenzyls with more than 40 new carbon skeletons have been isolated. Some of the liverworts components are unique to this plants group, e.g. pinguisanes, dumortanes or sacculatanes. Many of the secondary metabolites detected in and/or isolated from liverworts are compounds which are very rare in other organisms. Among these, africane-, barbatanes-, brasilane-, cyclomyltaylane-, herbertane-, Pinguisanes-, or trifarane-type sesquiterpenoids and dolabellane-, fusicoccane-, sacculatane-or vibsane-type diterpenoids should be mentioned as rare in Nature. It is noteworthy that all of sesqui-and diterpenoids in liverworts are 'enatiomers' to those found in higher plants [2, [4] [5] [6] .
The use of natural products as aids to plant taxonomy was popularized by the publication of Swain [7] . Terpenoids, especially sesquiterpene lactones [8, 9] , but also essential oils and their components are of value in the taxonomic and evolutionary investigations of plants [10] [11] [12] [13] . Such chemotaxonomic studies, together with morphological one, can be very helpful in plant identification process.
Essential oils comprise the steam-, hydro-, or dry distillable fractions, or fractions obtained by means of mechanical treatment, responsible for the characteristic scent, odor and/or smell of many plants. Their contain substances with boiling points up to 200°C or higher [14] . Essential oils are usually associated with specialized storage structures in plants, like secretory canals, cavities, glandular trichomes, or in special oil cells [15] . A number of liverworts are known to emit volatile terpenoids and simple aromatic compounds when crushed. The characteristic odor of these plants is associated with oil body constituents [16] . Oil bodies, which are characteristic membrane-bound cell organelles are present in the 95% of liverwort species. Many different oil bodies' types have been described and variations that occur in their size, shape, color, number and distribution are taxonomically informative features of liverworts [17] . The contents of the oil bodies of the Marchantiophyta are easily extracted with solvents using ultrasonic apparatus, to obtain extracts, and by steam or hydrodistillation to receive essential oils. Gas chromatographic profiling of the volatile extracts and as well as from essential oils received from the liverworts has been applied in differentiating liverworts species and chemotypes within species [3, [18] [19] [20] [21] [22] . There are also a few comprehensive reviews, which are dealing with the use of liverwort components in chemosystematic studies [2, 5, 6, 16, 23] .
The purpose of this paper is to show whether the data derived from an analysis of essential oils are in accordance with the data received from the volatile extracts, and whether it is possible to get the same chemosystematic conclusions based on the composition of essential oils and volatile extract obtained from the liverworts. Table 1 shows the comparison of the components present in the essential oils and solvent extracts obtained from some liverwort species, while figure 1 shows structures of some of the compounds with chemosystematic value.
The studies concerning the phytochemical analysis of liverwort species dates back to 1905 when Karl Müller [24] analyzed the essential oils form some of the liverwort species and concluded that the characteristic odor of these plants is associated with oil body's constituents. 
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The first well documented study was published in 1967 by Huneck and Klein [25] . From the essential oil of Scapania undulata (L.) Dumort., these researchers, isolated two sesquiterpenes and determined their structures as (-)-longiborneol (1) and (-)-longifolene (2). Andersen and co-workers [26] confirmed the presence of both compounds in the essential oil of this liverwort species, and additionally identified other sesquiterpenoids belonging to longifolane group, e.g. longipinanol (3), -longipinene or longicyclene. Longifolane-type sesquiterpenoids were absent in S. parvitexta Steph. [27] . The investigations of volatile components present in extracts from S. undulata showed that it is highly evolved species by chemical criteria, since the features of its sesquiterpenoids are very complex [5] . There are three chemotypes of S. undulata: the muurolane-and cadinane-type (I), the longifolane- (4), ent-T-muurolol (5), scapanol, (+)-4-muurolen-6-ol were the major volatile components [28] . The German and Japanese specimens were found to elaborate longibornane, longifolane and longipinane derivatives. These components were the major in the German specimen, while in ether extract of the Japanese S. undulata the most characteristic compounds were labdane-type diterpenoids [29] .
The major component of essential oils of Diplophyllum albicans (L.) Dumort. was diplophyllin (6) and related compounds belonging to the ent-eudesmanolides group [30, 31] . The same compounds were isolated from the solvent extracts obtained from this liverwort species [32] . Yokouchi et al. [33] investigated an aquatic liverwort, Jungermannia vulcanicola (Schiffn.) Steph. collected in Japan. This liverwort is distributed in water near acidic sulfur springs and emit strong terpene-like odor. Monoterpenoids amounted to 85% of all essential oils components, and the major components were -pinene, camphene, sabinene, myrcene, limonene, -terpinene, terpinolene. The monoterpene composition varied greatly among samples from different locations. Possible sources of variation in terpene composition are genetic variations, environmental variation and age effect. However, no seasonal variations and age effect in the monoterpene composition of J. vulcanicola were observed in this study. Therefore, the significant geographic diversity of the monoterpene composition of this liverwort is considered to be correlated with genetic variation [33] . The analysis of n-hexane extract from the Japanese J. vulcanicola showed that ent-kaurane diterpenoids together with -bisabolol and -terpineol are the major components [34] .
The GC/MS fingerprinting of the ether extracts of the Japanese liverwort Reboulia hemisphaerica (L.) Raddi showed the existence of two chemotypes. One is characterized by the presence of cyclomyltaylane and chamigrane sesquiterpenoids, with cyclomyltaylan-5-ol (7) as the major volatile component. The second chemotype contained mainly gymnomitranes, of which gymnomitr-3(15)-en-4-ol (8) was the major compound [35] . Toyota and coworkers [36] found one more chemotype of the Japanese R. hemisphaerica, for which the characteristic feature is the occurrence of aristolane sesquiterpenoids together with gymnomitranes. There is only one scientific paper which concerns chemical composition of essential oil hydrodistilled from this liverwort species. Warmers and König [37] showed that gymnomitranes and cuparanes are the major components present in the essential oil obtained from European specimen, as well as in solvent extract. The most characteristic components were (-)-gymnomitr-3(15),4-diene, (+)-gymnomitrol, cuparene, and (-)--cuprenene. These data are very similar to those obtained from the ether extract of R. hemisphaerica collected in Japan and belonging to second chemotype [35] .
The thallose liverworts belonging to the genus Asterella are known to emit intense, characteristic scents, both pleasant and unpleasant [5, 6] . Chemical analysis of the essential oil from the Portuguese A. africana (Mont.) A. Evans indicated a predominance of the monoterpene fraction. Myrtenyl acetate (9) and -pinene (10) were the major components of all the oil samples. Essential oils obtained from the specimens collected on Madeira differed from those obtained from the mainland populations with regard to the relative amounts of the other constituents. Despite this, there were no major differences in odor between the Madeiran and mainland material [38] . This species is closely related to the Mexican A. venosa (Lehm. & Lindenb.) A. Evans, in which the major constituents also are monoterpenoids. The main compound to have been obtained from the ether extract is geranyl acetate, together with -myrcene, -pinene (10), and myrtenyl acetate (9) [35] .
Conocephalum conicum (L.) Dum. is one of the most common liverworts in the northern hemisphere. Molecular studies have shown that this liverwort is a complex of six cryptic species (A, C, F, J, L and S), which are indistinguishable by morphological features [39] . The GC/MS fingerprinting of ether extracts obtained from samples representing cryptic species A, F, J, L and S (recently described as C. salebrosum) indicated the existence of chemical polymorphism between these species, and the possibility to distinguish them based on the volatile components. For each of the analyzed cryptic species the chemical markers were described. Cryptic species L, known as "true" C. conicum, produced the brasilane type sesquiterpene alcohol, conocephalenol (11) . The other sesquiterpene alcohol, cubebol was characteristic for cryptic species S, while type A produced (E)-methyl cinnamate. The presence of a large amount of the monoterpene hydrocarbon, sabinene was characteristic for cryptic species J, and aromadendrane type sesquiterpenoid, cyclocolorenone for species F [3] . Melching and König [40] investigated the essential oil and dichloromethane extracts obtained from the European C. conicum belonging to L-type. They showed that although different peaks area were observed in the hydrodistillation and solvent extraction in gas chromatograms, all the components were present in both samples. One of the major components present both in essential oil and extract was conocephalenol (11), which is in accordance to the data described by Ludwiczuk et al. [3] .
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The Lepidozia species are rich sources of sesquiterpenoids. The essential oils hydrodistilled from three collections of L. fauriana Steph. growing in Taiwan showed that this species is not homogenous. Two of the analyzed specimens were characterized by the presence of chiloscyphanes, e.g. dihydrochiloscypholone (12) or 11,12-dihydrochiloscyphone. Amorphanes were the most characteristic components present in the third collection. From this essential oil amorpha-4,9-dien-14-al (13) and 7,14-anhydroamorpha-4,9-diene were isolated, among others [41] . These data are in accordance with the other reports concerning chemistry of this liverwort species [42, 43] . Shy and Wu [43] divided L. fauriana into three chemotypes: amorphane (I), chiloscyphane (II), and eudesmane (III). In the essential oil of the Taiwanese L. vitrea Steph. the eudesmane-type sesquiterpenoids were the major components, e.g. eudesm-3-en-7-ol (14) and eudesm-4(15)-en-7-ol [41] . The same components were isolated from the ether extract from the Japanese species [44] .
More than 3000 species of Plagiochila are known and they can be simply divided into two groups characterized by either the presence or absence of 2,3-seco-aromadendrane-type sesquiterpenoids [6] . For both groups, several chemotypes can be distinguished The analysis of essential oil composition of four Plagiochila species from Madeira showed that these species are characterized by the absence of 2,3-seco-aromadendrane-type sesquiterpenoids [21] . Type XII of the Plagiochila species is characterized by the occurrence of everninic acid methyl ester (15) together with wide range of other aromatic compounds, especially 9,10-dihydrophenanthrenes [6] . P. bifaria from Madeira produces a large amount of the methyl ester of evernic acid (15), as well as the 9,10-dihydrophenanthrenes and methyl benzoates. The presence of methyl benzoates were also confirmed in two different Plagiochila species, P. retrorsa, and P. stricta [21] . In the essential oil obtained from P. maderensis the presence of methyl everninate (15) were also confirmed [21] . This liverwort species was classified in chemotype VI, which produce bibenzyls as the major components [6] . Rycroft et al. [45] have analyzed the solvent extracts obtained from two collections of P. maderensis and detected 4-hydroxy-3'-methoxybibenzyl as the major volatile component. This compound was absent in the essential oil from this liverwort species [21] . The essential oil from the German liverwort P. asplenioides showed the presence of 2,3-seco-aromadendrane-type sesquiterpenoids. Plagiochilines W (16) and X (17) were detected among other components of this essential oil [46] . This liverwort was classified in chemotype I of Plagiochila species [6] .
The chemical constituents of Radula species are totally different from the other genera of the Marchantiophyta. Generally, they contain large amounts of bibenzyl derivatives, especially prenylated bibenzyls (e.g. 18, 19), while the content of terpenoids in Radula species is generally very low [5, 6] . The exception to the rule is the Japanese R. perrottetii, which produces a large amount of bisabola-2,6,11-triene (20) [35] . The presence of this compound, together with other bisabolanes in the essential oil prepared from the same species, has been confirmed by Tesso and coworkers [47] . Chemosystematic studies on the genus Radula growing in Portugal showed that on the basis of essential oils composition Radula species can be divided into two groups [22] . Group I was characterized by the presence of 3-methoxybibenzyl (21), -bisabolene, and (E)--farnesene in the essential oils and included the following species, R. holti, R. nudicaulis, R. lindenbergiana, and R. complanata (from Switzerland). All essential oil samples of group II showed high relative amount of valencene and included R. carringtoni and R. wichurae. The chemical composition of the essential oils obtained from R. aquilegia collected from Madeira and Azores was different. The Madeira species was included in group I, while species collected from Azores in group II [22] .
Due to the fact that the liverworts are morphologically very small and it is difficult to collect a sufficient amount of plant material, there are still a few data concerning the chemistry of essential oils. The available data indicate however, that the components present in the essential oils can be used in chemosystematic studies of this group of spore-forming plants. Compounds occurring in the essential oils constitute a powerful tool for studying chemical differences between or within liverwort species for which the characteristic components are mono-, sesquiterpenoids and some volatile aromatic compounds, e.g. simple bisbibenzyls. The use of the essential oils components in chemosystematic studies has, however some, limitations. There are many liverworts species for which the characteristic components are highly oxygenated sesquiterpenoids and diterpenoids. Such compounds cannot be obtained by steam or hydrodistillation of plant material. For these species the fingerprinting of solvent extracts is the method of choice. The examples of such liverworts are Barbilophozia floerkei, Chandonanthus hirtellus, Odontshisma denudatum or genus Trichocolea [6] .
The relationship between various types of plants can be predicted based on the similarity in the chemical substances present in them.
Compounds that belong to the category of secondary metabolites are of great values in identifying such relationships. Liverworts produce a wide array of secondary metabolites, mainly terpenoids and aromatic compounds. The number of chemical features available from liverwort secondary metabolites, present in both essential oils and solvent extracts, can provide sufficient number of data to be used for their chemosystematic studies.
